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UNIT FOR PUMPING FUEL TO AN INTERNAL COMBUSTION ENGINE 



[0001] Prior Art 

[0002] The invention is based on a unit for pumping fuel as generically defined by the 
preamble to the main claim. From German Patent DE 28 35 457 C2, a roller cell pump is 
already known in which a shaped sliding surface composed of elliptical portions results from 
two different equations. For various rotor diameters R2, the shaped sliding surfaces that can 
be generated from the equations are all mathematically similar with regard to the function of 
the vmit, such as hot gasoline pumping, efficiency, and wear behavior, and are not optimal, 
and are inconstant at the transitions between the ellipse halves, for eccentricities not equal to 
one. 

[0003] Advantages of the Invention 

[0004] The unit of the invention having the definitive characteristics of the main claim has 
the advantage over the prior art that an improvement in the function of the unit is attained in a 
simple way because a course of radii of the elliptical portions corresponds at least in portions 
to one of the equations recited in the main claim. By varying the parameters contained in the 
equations, such as a parameter n and/or an eccentricity Sj, the shaped sliding surface can be 
adapted optimally in portions to the particular function required in that region of the shaped 
sliding surface, such as generating an underpressure in an intake region, generating an 
overpressure in a compression region, providing sealing in a sealing region, or establishing a 
constant volume in a reversal region. 

[0005] Advantageous refinements of and improvements to the pumping unit defined by the 
main claim are possible with the provisions recited in the dependent claims. 
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[0006] It is especially advantageous if the radii of the elliptical portion are the same at the 
transitions, since in this way the shaped sliding surface has a constant course, and therefore 
major pressure fluctuations, which in the prior art often cause cavitation and oscillation of the 
roller bodies, do not occur. The wear of the roller bodies and the roller sliding surface are 
therefore markedly improved. 

[0007] It is also advantageous if the slopes of the elliptical portions of the transitions are the 
same, since in this way the shaped sliding surface has a constant course, and lifting of the 
sealing bodies from the shaped sliding surface is avoided. As a result, pressure fluctuations 
in the pump work chambers are reduced markedly. 

[0008] It is highly advantageous if the curvatures of the elliptical portions at the transitions 
are the same, since in this way the shaped sliding surface has a steady course, and major 
pressure fluctuations in the pump work chambers therefore do not occur. 

[0009] In an advantageous embodiment, the parameter n in a reversal region is between 
greater than or equal to 1 .9 and less than or equal to 2. 1 , since in this way the volume of the 
pump work chambers remains constant, so that no pressure peaks occur. 

[0010] Drawing 

[001 1] One exemplary embodiment of the invention is shown in simplified form in the 
drawing and explained in fiirther detail in the ensuing description. Fig. 1 shows a unit for 
pumping fuel; Fig. 2 shows a unit with a shaped sliding surface according to the invention; 
and Fig. 3 shows a shaped sliding surface according to the invention. 
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[0012] Description of the Preferred Embodiment 

[0013] Fig. 1 shows a unit according to the invention for pumping fiiel to an internal 
combustion engine. 

[0014] The unit of the invention has a cylindrical housing 1, for instance, with at least one 
inlet conduit 2 and one outlet conduit 3. The inlet conduit 2 of the unit communicates, for 
instance via a suction line 6, with a tank 7 in which fuel, for instance, is stored. The outlet 
conduit 3 of the unit communicates with an internal combustion engine 9, for instance via a 
pressure line 8. 

[0015] As an example, the unit is a so-called roller cell pump or a so-called vane cell pump. 
A roller cell pump is known from German Patent Disclosure DE 101 15 866 Al, for example, 
which is hereby expressly incorporated by reference. 

[0016] The housing 1 of the unit has a pumping part 12 and a driving part 13. The pumping 
part 12 has a pump chamber 14, for instance embodied cylindrically. In the pump chamber 
14, a rotor 15 is rotatably supported; the rotor 15 and the pump chamber 14 are located 
eccentrically relative to one another. 

[0017] The rotor 15 is driven to rotate by an actuator 18, provided in the driving part 13 and 
for instance being an armature of an electric motor, via a drive shaft 19. 

[0018] The pump chamber 14 is defined by two end walls diametrically opposite one another 
in the direction of a rotationally symmetrical axis 20 of the rotor 15, that is, by a first end wall 
21 oriented toward the inlet conduit 2 and a second end wall 22 oriented toward the outlet 
conduit 3, and it is defined in the radial direction relative to the axis 20 by an annular wall 23. 
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[0019] The first end wall 21 is embodied on the inside, toward the rotor 15, of an intake cap 
26, which for is instance disk-shaped, and the second end wall 22 is defined on the inside, 
toward the rotor 15, of a pressure cap 27, also for instance disk-shaped. The annular wall 23 
is provided for instance on the inside, toward the rotor 15, of an annular intermediate cap 28. 
The annular wall 23 may for instance be joined integrally in the form of a coating with the 
intermediate cap 28 or it may be embodied as a separate slide ring. A separate slide ring may 
for example be press-fitted, glued, welded, or screwed into the annular intermediate cap 28. 
The intermediate cap 28 is located for instance between the disk-shaped intake cap 26 and the 
disk-shaped pressure cap 28. However, the intermediate cap 28 may also be joined integrally 
with the intake cap 26 or the pressure cap 27. The intermediate cap 28 with the annular wall 
23 is for instance located eccentrically to the rotor 15. 

[0020] Both the intake cap 26 and the intermediate cap 28, like the pressure cap 27 and 
intermediate cap 28, are joined to one another respectively by force locking, for instance by 
means of a plurality of screws, or by form locking. 

[0021] The housing 1 has a cylindrical portion 31, which has the intake cap 26 on the face 
end toward the pumping part 12 and a connection cap 32 on the face end toward the driving 
part 13. The intake cap 26 and the connection cap 32 close off the cylindrical portion 31 of 
the housing 1 tightly from the outer environment by engaging the inside of the cylindrical 
portion 31, for instance, and resting by their circumference, at least in portions, on the inside 
of the cylindrical portion 31. 

[0022] The inlet conduit 2 of the housing 1 is located for instance on the intake cap 26 and 
communicates in the flow direction with a pump chamber inlet 33, which discharges into the 
pump chamber 14. 
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[0023] The outlet conduit 3 of the housing 1 is located for instance on the connection cap 32. 
The connection cap 32 for instance also has electrical connection elements 36 for providing 
electrical contact for the actuator 1 8 provided in the housing 1 . 

[0024] A pump chamber outlet 34, w^hich causes the pump chamber 14 to communicate with 
a pressure chamber 35 of the housing 1, is located in the pressure cap 27 of the vmit, for 
instance. The pump chamber outlet 34 may, however, also be provided on the intake cap 26. 
The pressure cheimber 35 is defined radially by the cylindrical portion 31 and axially by the 
pressure cap 27 and the connection cap 32. The actuator 18, which drives the drive shaft 19 
to rotate, is located for instance in the pressure chamber 35. The pressure cap 27 has a drive 
shaft conduit 37, through which the drive shaft 19 reaches into the pump chamber 14, so as to 
drive the rotor 15 to rotate. The drive shaft 19 is supported, for instance on the end remote 
from the actuator 18, in a bearing recess 38 in the intake cap 26. The pressure chamber 35 
commimicates with the engine 9 at least indirectly via the outlet conduit 3 of the housing 1 
£Lnd the pressure line 8. 

[0025] In a roller cell pump, the rotor 15 is for instance a cylindrical slotted disk. A plurality 
of sealing bodies 39 are provided on the rotor 15, distributed over the circumference, and in 
the case of a roller cell pump are embodied for instance as cylindrical rollers. The sealing 
bodies 39 are located for instance in radially extending guide grooves 40 of the rotor 15 and 
are pressed against the annular wall 23 by centrifiigal force upon the rotation of the rotor 1 5, 
and slide or roll along the annular wall 23. The annular wall 23 in the process forms what is 
called a shaped sliding surface 24. 

[0026] A region upstream of the pump chamber 14 is called the suction side of the unit, and 
a region downstream of the pump chamber 14 is called the compression side of the unit. 

[0027] Fig. 2 shows a unit that has a shaped sliding surface according to the invention. 
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[0028] In the unit of Fig. 2, those parts that remain the same or function the same as in the 
unit of Fig. 1 are identified by the same reference numerals. 

[0029] A pluraHty of guide grooves 40 are located on the circumference of the rotor 15, for 
instance distributed uniformly over the circumference of the rotor 15. There is preferably an 
odd number of guide grooves 40. The guide grooves 40 reach through the rotor 15 in the 
axial direction from one face end of the rotor 1 5 to the other. The guide grooves 40 extend 
from the outer circumference radially inward with two side flanks 43, located for instance 
parallel to one another, and each ends in a respective curved groove bottom 44. 

[0030] One sealing body 39 is provided in each guide groove 40. The sealing body 39 is 
supported movably in the direction of the side flanks 43 between the groove bottom 44 and 
the shaped sliding surface 24. The spacing of the side flanks 43 of a guide groove 40 is for 
instance only slightly greater than one dimension, such as the diameter, of the sealing body 
39, since the sealing bodies 39 are in this way laterally guided in the radial direction. Upon 
the rotation of the rotor 15, the sealing bodies 39 are moved in the direction of the shaped 
sliding surface 24 and as a rule rest on the shaped sliding surface 24. 

[0031] Because of the eccentric location of the rotor 15 in the pump chamber 14, there is a 
region of minimal spacing on the shaped sliding surface 24 between the rotor 1 5 and the 
shaped sliding surface 24, hereinafter called the narrow gap 45, and a region of maximal 
spacing on the shaped sliding surface 24 between the rotor 15 and the shaped sliding surface 
24, hereinafter called the wide gap 46. 

[0032] The eccentric location of the rotor 15 in the pump chamber 14 creates a crescent- 
shaped gap 48, between the shaped sliding surface 24 and the rotor 15, which is divided up by 
the sealing bodies 39 into a plurality of separate crescent-shaped gap chambers 49. The 
number of gap chambers 49 is equivalent to the number of sealing bodies 39. 
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[0033] Upon the rotation of the rotor 15, the seahng bodies 39 are pressed against the shaped 
sliding surface 24 and are each pressed against the respective trailing side flank 43, in terms 
of the direction of rotation, of the respective guide groove 40, so that the individual gap 
chambers 49 are sealed off from one another. 

[0034] On the leading side flank 43, with respect to the direction of rotation of the rotor 15, 
of the respective guide groove 40, there is for instance at least one compensation pocket 51, 
which extends axially outward from one face end of the rotor 1 5 and extends axially from one 
face end of the rotor 15 radially inward. 

[0035] The space bounded by the side flanks 43, the groove bottom 44, and the sealing body 
39 of one guide groove 40 forms a groove chamber 54, which communicates, via the 
respective associated compensation pocket 51, with the adjacent gap chamber 49 that is the 
leading one relative to the direction of rotation of the rotor 15. The groove chamber 54, the 
compensation pocket 51, and the gap chamber 49 form a pump work chamber 50. 

[0036] The pump chamber inlet 33 and/or the pump chamber outlet 34 are embodied for 
instance as a kidney-shaped groove. The pump chamber inlet 33 has three kidney-shaped 
inlet grooves, for instance, with for instance two inner inlet grooves 55 provided in the region 
of the groove chamber 54 radially outside the groove bottom 44 and one outer inlet groove 
56, for instance, provided radially in the region of the annular wall 23. 

[0037] The pump chamber inlet 33 is located for instance such that upon the rotation of the 
rotor 15, each pump work chamber 50 intermittently communicates fluidically with the pump 
chamber inlet 33 by overlapping, and fluid flows via the inlet conduit 2 and the pump 
chamber inlet 22 into the respective pump work chamber 50. 
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[0038] The pump chamber outlet 34 has for instance at least one outlet groove 57, which is 
located for instance in the region of the groove chamber 54 radially outside the groove bottom 
44 and spaced apart circumferentially from the inlet grooves 55, 56. The pump chamber 
outlet 34 is located for instance such that upon the rotation of the rotor 15, each pump work 
chamber 50 intermittently communicates fluidically with the pump chamber outlet 34 by 
overlapping, and fluid from the respective pump work chamber 50 flows into the pump 
chamber outlet 34. 

[0039] The shaped sliding surface 24 comprises an intake region 58, a reversal region 59, a 
compression region 60, £md a sealing region 61, The intake region 58 is located in the region 
of the pump chamber inlet 33 between the narrow gap 45 and the wide gap 46; the reversal 
region 59 is located in the region of the wide gap 46 between the pump chamber inlet 33 and 
the pump chamber outlet 34; the compression region 60 is located in the region of the pump 
chamber outlet 34; and the compression region 61 is located in the region of the narrow gap 
45. 

[0040] In the intake region 58, the gap width of the gap 48 increases from the narrow gap 45, 
in the direction of rotation of the rotor 15, to the wide gap 46, so that the volume of the 
individual pump work chambers 50 increases in the direction of rotation of the rotor 15, and 
an underpressure occurs there. As soon as the pump chamber inlet 33 in the intake region 58, 
as a result of the rotation of the rotor 15, overlaps with one of the pump work chambers 50, 
the pimip chamber inlet 33 is opened to the applicable pump work chamber 50, so that fluid 
continuously flows into the applicable pump work chamber 50. In the intake region 58, fluid 
is thus aspirated into the respective pump work chamber 50. 

[0041] The filling of the particular pump work chamber 50 ends when the pump work 
chamber 50, because of further rotation of the rotor 15, no longer communicates with the 
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pump chamber inlet 33. The pump work chamber 50 is then closed off from the environment 
and enters the reversal region 59. 

[0042] In the reversal region 59, the pump work chamber 50 is closed and in this way seals 
off the pump chamber outlet 34 from the pump chamber inlet 33. In the reversal region 59, 
the shaped sliding surface 24 is designed such that the volume of the closed pump work 
chamber 50 remains at least approximately constant, so that unwanted increases in pressure 
do not occur in the closed pump work chamber 50. A reduction in the volume of the closed 
pump work chamber 50 would cause compression of the fluid and as a result a pressure 
increase in the applicable pximp work chamber 50. Major increases in pressure in the closed 
pump work chamber 50 cause excessive oscillation of the sealing bodies 39, since the sealing 
bodies, because of the high pressure in the closed pump work chamber 50, are initially 
pressed radially inward, causing leakage into whichever pump work chamber 50 is leading at 
the time, and because of the pressure drop in the pump work chamber 50 caused by the 
leakage, they are pressed suddenly back against the shaped sliding surface 24. The impact of 
the sealing bodies 39 against the shaped sliding surface 24 would cause high wear at the 
shaped sliding surface 24 and/or at the sealing bodies 39. Because major pressure increases 
in the closed pump work chamber 50 are avoided, the occurrence of so-called cavitation, 
which because of the creation of vapor bubbles resulting from a failure to attain the vapor 
pressure of the fluid, and the abrupt collapse of the vapor bubbles on the shaped sliding 
surface 24 or on surfaces of the rotor 1 5 can also cause wear to the shaped sliding surface 24 
or the rotor 15, is at least reduced. Since cavitation in roller cell pumps occurs predominantly 
when the gasoline is hot, the function of the imit of the invention is improved in the case of 
hot gasoline as well. 

[0043] In the compression region 60, the respective pump work chamber 50 is emptied, 
because as a result of the reduction in volume of the respective pump work chamber 50, a 
pressure is built up, and the fluid is in this way pressed out of the pump work chamber 50 into 
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the pump chamber outlet 34. This happens as soon as the pump chamber outlet 34 overlaps 
with the respective pump work chamber 50 upon the rotation of the rotor 1 5. The pump 
chamber outlet 34 is then opened toward the applicable pump work chamber 50. 

[0044] The sealing region 61 seals off the compression region 60 from the intake region 58, 
so that if at all possible no leakage from the compression region 60 into the intake region 58 
occurs. The radial gap width between the rotor 15 and the shaped sliding surface 24 in the 
sealing region 61 should be made as small as possible and the sealing region 61 should be 
made as large as possible, so that the fluid is emptied as completely as possible from the 
respective pump work chamber 50 in the direction of the pump chamber outlet 34, rather than 
reaching the intake region 58 again via the. narrow gap 45 in the form of a leakage flow. 

[0045] The shaped sliding surface 24 is composed of at least two and for instance four 
different elliptical portions; the radii, slopes and curvatures of the various elliptical portions 
at the transitions are the same. 

[0046] The elliptical portions of the shaped sliding surface 24 have a common ellipse center 
point Mg, which is shifted by twice the value of the eccentricity s, from a center point M of 
the rotor 15 in the direction of an axis defined by the wide gap 46 and the narrow gap 45. 

[0047] Fig. 3 shows a shaped sliding surface according to the invention. 

[0048] In the unit in Fig. 3, the elements that remain the same or function the same as in the 
unit of Figs. 1 and 2 are identified by the same reference numerals. 

[0049] The radius of the cylindrical rotor 15 is designated as R2 in Fig. 3, and the radius of a 
circle 64, which extends through the wide gap 46 and the narrow gap 45 and which has a 
center point M', is designated Rl. The center point M' is shifted by the eccentricity s, from 
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the center point M of the rotor 15 in the direction of an axis formed by the wide gap 46 and 
the narrow gap 45. 

[0050] The course of the radius p, expressed in polar coordinates (p, of the elliptical portions 
of the shaped sliding surface 24 is calculated according to the invention in accordance with 
one of the two equations El and E2 given below, in which is the radius of the rotor 15; n is 
a variable power; and s, is the eccentricity: 



cos 



V 2y 



sin 



(El) 



p{<p) = 
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(E2) 



[005 1] The origin of the angle (p is located on the axis formed by the wide gap 46 and the 
narrow gap 45, on the side toward the wide gap 46, and the angle (p extends 
counterclockwise. 

[0052] According to the invention, by varying the parameters n and s, in the equations El 
and E2, the shaped sliding surface 24 for each elliptical portion can be optimized separately 
from one another with regard to the requisite functiori in that particular region of the shaped 
sliding surface 24, such as generating an underpressure in the intake region 58, avoiding 
increases of pressure and cavitation in the reversal region 59, generating an overpressure in 
the compression region 60, and the sealing function in the sealing region 61. The shaped 
sliding surfaces 24 that result upon variation of the parameters h and s, in the equations El 
and E2 are at least in part not mathematically similar. 
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[0053] By varying the parameter n, the radius p of an elliptical portion located in the sealing 
region 61 can be adapted in such a way that the shaped sliding surface 24, over a larger 
angular range, extends very closely along with rotor 15, with only a slight radial gap between 
them. As a result, the sealing action of the sealing region 61 is very good, so that the 
efficiency of the unit is higher than in the prior art. 

[0054] Moreover, the radius p of an elliptical portion located in the intake region 58 can be 
adapted, by varying the parameter n, in such a way that the change in volume of the pump 
work chamber 50 increases sharply in the direction of rotation, so that a high underpressure in 
the pump work chamber 50 and a large gap chamber 49 are created. In this way, the pump 
work chambers 50 are filled in a shorter time and more completely than in the prior art. 



[0055] By varying the parameter n and the eccentricity Sj, the radius p of an elliptical portion 
located in the reversal region 59 can be adapted such that the volume of the closed pump 
work chamber 50 remains virtually constant over a defined angular range, so that 
corresponding pressure peaks are at least reduced. This angular range amounts for instance to 
80°, for a parameter n of 2. 1 and an eccentricity of 1 . Because of the at least approximate 
volumetric constancy of the closed pump work chamber 50, an unnecessary radial 
acceleration of the sealing bodies 39 and cavitation are avoided. As a result, there is less 
mechanical stress on the shaped sliding surface 24, so that wear is reduced and the life of the 
shaped sliding surface 24 is lengthened. The parameter n is preferably in the range between 
greater than or equal to 1 .9 and less than or equal to 2. 1 , since in that range the volume of the 
closed pump work chamber 50 remains at least approximately constant. However, the 
parameter n may also be less than 1 .9 or greater than 2. 1 . 

[0056] By varying the eccentricity s,, the gap 48 in the pump chamber 14 and thus the 
volume of the pump work chambers 50 is also varied. If the eccentricity sj is varied such that 
the gap 48 increases in size, then the volumetric flow that is pumped by the unit at the same 
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rpm of the rotor 15 increases. The eccentricity s, is less than or equal to a radius R of the 
sealing bodies 39 and is preferably in the range between 0.9 and 1 .4. 

[0057] The shaped sliding surface 24 is divided up into quadrants I through IV, for instance. 
A first quadrant I begins in the wide gap 46 and is located in the angular range of (p of 
between 0 and 90°; a second quadrant II is in the angular range of (p of between 90 and 180°, 
as far as the narrow gap 45; a third quadrant III is in the angular range of (p of between 1 80 
and 270°; and a fourth quadrant IV is in the angular range of (p of between 270 and 360°. 

[0058] The shaped sliding surface 24 may comprise two ellipse halves; for instance, the first 
elliptical portion is located in the first quadrant I and in the fourth quadrant IV, and the 
second elliptical portion is located in the second quadrant II and in the third quadrant III. The 
course of the radius of the first elliptical portion, in this exemplary embodiment, is calculated 
for instance in accordance with equation El, and the course of the radius of the second 
elliptical portion is calculated for instance in accordsmce with equation E2. 

[0059] The shaped sliding surface 24 may, however, also have three elliptical portions, with 
the first elliptical portion extending for instance over two quadrants, and the second elliptical 
portion and the third elliptical portion each extending over one quadrant. In this exemplary 
embodiment, the course of the radius of the first elliptical portion and the third elliptical 
portion is calculated for instance in accordance with equation El, and the course of the radius 
of the second elliptical portion is calculated for instance in accordance with equation E2. 

[0060] The shaped sliding surface 24 may also have four elliptical portions, with each 
elliptical portion occupying one of the quadrants I, II, III, IV. In this exemplary embodiment, 
the course of the radius of the first elliptical portion and of the fourth elliptical portion is 
calculated for instance in accordance with equation El, and the course of the radius of the 
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second elliptical portion and of the third elliptical portion is calculated for instance in 
accordance with equation E2. 

[0061] The elliptical portions of the shaped sliding surface 24 may extend over one or more 
complete quadrants I, II, III, IV, or over only a part of one or more of the quadrants I, II, III, 
IV. Each elliptical portion may be calculated with one of the two equations El and E2. 
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